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1. Introduction 

Proxemy Research had a grant from NASA to perform science research on upwelling and 
volcanism on Venus. This was a 3 year Planetary Geology and Geophysics grant to E. Stofan, entitled 
“Coronae and Large volcanoes on Venus.” This grant NAG5-11535 closes on 12/31/05. Here we 
summarize the scientific progress and accomplishments of this grant. Scientific publications and abstracts 
of presentations are indicated in the final section. This was a very productive grant and the progress that 
was made is summarized below. Attention is drawn to the publications and abstracts published in each year. 

Volcanism and tectonism are the dominant geological processes that have shaped the surface of Venus, 
as revealed by the Magellan data. Coronae and large volcanoes are of particular significance, as they 
provide constraints on both models of surface and interior evolution. Coronae are volcano-tectonic features 
believed to form over small-scale mantle upwellings [Basilevsky et al, 1986; Pronin and Stofan, 1990; 
Stofan et al., 1991; Squyres et al., 1992; Janes et al., 1992]. A continued exploration of their great 
variations in morphology (e.g., Stofan et al., 1997; Jurdy and Stefanick, 1999; Stofan et al., 2001a) and 


complex histories (e.g., Copp et al, 1998; Smrekar and Stofan, 1999) will provide farther constraints on 
the geologic history of Venus, the planet’s overall thermal evolution, and variations in such parameters as 
crustal and lithospheric thickness. Large volcanoes with basal diameters greater than 100 km are a typical 
form of volcanism on Venus. Venusian large volcanoes tend to have heights of 2-3 km, and complex 
summit regions [Head et al 1992; Grumpier et al. 1997; Stofan ci a!., 2001b]. The volumes of large 
volcanoes at venusian hotspot rises are comparable to volcanic volumes produced at terrestrial hotspot 
island chains [Stofan et al, 1995], To understand further the implications of large volcanoes for the overall 
geologic history of Venus, there is a need to investigate more the morphology of these volcanoes, define 
their magma storage systems and how they may have changed with time, and their overall evolution. We 
have recently demonstrated that, while large volcanoes have many similarities, their differences can be used 
to define variations in their plumbing systems over time [Stofan et al, 2001b]. 

The proposal consisted of two tasks, one examining coronae and one studying large volcanoes. The 
corona task (Task 1) consisted of three parts: 1) a statistical study of the updated corona population, with 
Sue Smrekar, Lori Glaze, Paula Martin and Steve Baloga; 2) geologic analysis of several specific groups of 
coronae, with Sue Smrekar and others; and 3) determining the histories and significance of a number of 
coronae with extreme amounts of volcanism, with Sue Smrekar. Task 2, studies of large volcanoes, 
consisted of two subtasks. In the first, we studied the geologic history of several volcanoes, with John 
Guest, Peter Grindrod, Antony Brian and Steve Anderson. In the second subtask, I analyzed a number of 
venusian volcanoes with evidence of summit diking along with Peter Grindrod and Francis Nimmo. 


Task 1. Studies of Coronae on Venus 

Task la. A new statistical analysis of the updated population of coronae on Venus 
Participants'. E.R. Stofan, S.E. Smrekar, L.S. Glaze, P.M. Martin, S.M. Baloga 

Under Task la, we utilized statistical analysis to study the new', expanded corona population [Stofan et a., 
2001a], Applying these sophisticated analysis tools to specific types of coronae, such as topographic 
coronae, has helped to constrain the particular causes for the great variations observed in corona 
morphology and provided new insights into corona formation [Glaze et al., 2002; Stofan et al., in prep.]. 
Our statistical analysis of corona topography has produced strong results [Stofan et al., 2003; Stofan et al., 
in prep.], suggesting that the heights and basal altitudes of coronae differ between some corona topographic 
groups, which we are comparing to current models of corona formation and evolution. We compared the 
maximum height of the corona rim and interior to corona type (Type 1 vs. Type 2), topographic form, 
width, rim width, and geologic setting using statistical analysis. Our analysis of the rim heights, widths and 
basal altitudes of topographic groups 4 and 7 for Type 1 and 2 coronae indicate that the lack of a fracture 
annulus coincident with the topographic rim at Type 2 coronae could be caused by several factors: 1) a 
weak lithosphere due to high heat flux; 2) a very strong lithosphere, such that there is a small curvature and 
thus low stress at the surface; and 3) slow viscous bending (low strain rate) [Stofan et al., 2001; Glaze et al., 
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2002], We favor option (3). Our results suggest that many Type 2 coronae have rims that are higher and 
broader. We interpret this to be consistent with the rims of Type 2 coronae forming from isostatic rebound, 
a process likely to be slower than plume-related processes, producing less strain and rims with a lower 
moment of curvature. The higher rims of the Type 2 coronae are indicative of the amount of crustal 
thickening [Stofan et al., in prep.]. 

We also expected this analysis to yield results for coronae in particular regions, such as along Parga 
Chasma. Under previous proposals, we have studied Parga coronae, and have been unable to relate die 
observed variations in morphology to model predictions. Utilizing the full data sets described above, in 
particular the topography, volcanic characteristics and gravity data, we were able to demonstrate that the 
coronae in Parga Chasma do not differ from the entire population in a statistical sense [Martin et al., 2004; 
Martin et al., 2005]. We also determined that their distribution was random, illustrating that their formation 
is not controlled by the Parga rift [Martin et al., 2005; Martin et al., in prep.]. 

Task lb. Regional Studies of Coronae: Clusters of Topographic Coronae 
Participants: E.R. Stofan, S.E. Smrekar, A.W. Brian, J.E. Guest 

We performed regional studies of coronae to constrain the amount of resurfacing associated with 
groups of coronae [Stofan et al., 2004; Stofan et al., 2005]. We found that coronae contribute 
approximately 20% to the resurfacing of Venus, as compared to about 22% from small edifices and 35% 
for volcanic plains with no apparent source. In chasmata regions, coronae contribute up to 38% of 
resurfacing [Stofan et al., 2005], The results of our survey indicate that the majority of units that have 
resurfaced Venus can be tied to a specific source, whose stratigraphic relationship with surrounding units 
can be determined. Plains with no identifiable sources cover an average of 35% of the surface. This is 
contrary to previous work, which has suggested that Venus resurfacing is dominated by extensive, sheet- 
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In association with this study, we documented the previously unrecognized fact that small edifices fields 
resurface a significant (22%) portion of the surface. Previous workers, focusing on large clusters of shields, 
had estimated that shield plains make up about 10% of the surface (Basilevsky and Head, 1998; Addington, 
2001). The small edifices do not appear to be the source of extensive flows, but are so ubiquitous on the 
surface that they add up to be a major source type [Stofan et al., 2005]. Small edifices either appear in 
clusters within plains units (i.e., ‘mottled lineated plains material’ unit, quadrangle V43 (Bender et al. 
2000)) or as mappable units with associated deposits (i.e., ‘shield field flow material’ unit of quadrangle 
V37 (Hansen and deShon 2002)). 

Coronae and small shields together resurface about 43% of the regions we surveyed. These two 
categories of features are operating at two very different scales, with coronae (mean diameter 253 km 
(Glaze et al. 2002)) resurfacing on scales of at least 10 4 km 2 and small edifices (diameters <10 km) 
resurfacing on scales of <10 2 km 2 . For example, the corona Atete in quadrangle V40 (Chapman 1999) 
resurfaced an area greater than 630,000 km 2 . Thicknesses of the units is, in most cases, not determinable, 
although many coronae have multiple, overlapping flow units (e.g., Stofan and Guest 2003). 

Eruption durations required to produce volcanic units on Venus are unknown, but terrestrial durations 
can provide a benchmark given the overall similarities between venusian and terrestrial flows and edifices 
(e.g., Stofan et al., 2001). Based on terrestrial experience, edifices can either be monogenetic and 
constructed in <10 years, or they can be built up over on the order of 10 s years by numerous eruptions. 
Large-scale flows that are typical of corona resurfacing and possibly the plains no source regions may be 
emplaced rapidly (days to weeks) (e.g., Shaw and Swanson 1970) or slowly (years) (e.g.. Self et al. 1996). 
Without a reliable way to date flows on Venus, we can only constrain the observed activity to have 
occurred within approximately the last 750 my, assuming that the crater data has been accurately interpreted 
[Stofan et al., 2005]. 

Task lc. Investigation of the Factors Determining the Amount ofVolcanism at Coronae 
Participants: E.R. Stofan, S.E. Smrekar 


We combined the results of studies under this task with our previous PGG proposal results to better 
understand volcanism at coronae and propose an integrated hypothesis of upwelling and volcanism on 
Venus [Stofan and Smrekar, 2005]. We base this framework on the model developed for Earth by 
Courtillot et al. [2003], who described three types of upwelling: primary plumes from ’the core-mantle 
boundary; secondary plumes originating from shallower depths on the domes of superswells; and tertiary 
hotspots likely related to lithospheric tensile stresses and decompression melting. Despite the fundamental 
differences in tectonic style, Venus has ten Earth-like hotspot rises [Stofan et al., 1995; Brian et al., 2004], 
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As described above, they are very similar to terrestrial hotspot rises, in that they have extensional rifts, large 
shield volcanoes, broad topographic swells, and gravity anomalies suggesting deep compensation. These 
are the primary hotspots, formed by plumes rising from the core mantle boundary. Unfortunately, we cannot 
apply the five criteria of Courtillot et al. [2003] to fully test this hypotheses: (1) long-lived tracks; (2) traps 
at initiation; (3) flux in excess of 10 3 kg s' 1 ; (4) high He or Ne ratio; and (5) anomalously low shear 
velocities indicating elevated temperatures. Given the lack of plate motion on Venus, tracks are not 
predicted and traps would be superposed by subsequent geologic activity at rises. However, Stofan et al. 
[1995] noted that volumes of venusian swells are comparable to those of terrestrial swells, suggesting that 
time-integrated plume strengths are similar. Modeling of Venusian hotspots also supports this hypothesis 
[Nimmo and McKenzie, 1996; Smrekar and Parmentier, 1996]. 

Secondary plumes are generated as when a superplume impinges on the upper mantle-lower 
mantle boundary spawning smaller thermal instabilities [Jellinek et al., 2002; 2003; Courtillot et al., 2003]. 
Coronae are likely to be products of secondary plumes, orig in ating from the shallow mantle. Small-scale 
plumes are unlikely to be able to rise through the mantle without either cooling or being swept up in large- 
scale flow patterns (e.g. Richards and Griffiths, 1988). Thus they may spawn off of larger scale convective 
upwellings (e.g., Johnson and Richards, 2003), off of convective upwellings responsible for the stresses 
inducing chasma formation, or from an upper mantle boundary resulting from mantle stratification [Phillips 
and Hansen, 1994; Smrekar and Stofan, 1997; Gonnermann et al. 2002], Large volcanoes may be related to 
primary or secondary plumes, or, like large flow fields, can be classified as tertiary hotspots related to 
melting associated with lithospheric stress [Stofan and Smrekar, 2005]. 


Task 2. Studies of Large Volcanoes on Venus 

Task 2a. Evolution of Large Volcanoes on Venus: Cose Studies 

Participants: E.R. Stofan, J.E. Guest, A.W. Brian, P.M. Grindrod, S.W. Anderson, 

We studied the detailed eruptive histories of volcanoes in Laufey Regio [Brian et al., 2004a], and a 
volcano-corona hybrid, Atai Mons [Grindrod et al., 2004; 2005]. We also performed a study of all large 
volcanoes, including an analysis of their gravity [Brian et al., 2004b; Brian et al., in prep.]. Previous studies 
mapped 168 volcanoes on Venus [Crumpler et al., 1997], while recent work by Brian et al. [2004b] 
identifiedl35 large volcanoes. Of these, only 14 are located on topographic rises. The others are 
distributed across the surface, with a noted concentration in the region bounded by Beta Regio, Atla Regio 
and Themis Regiones [Crumpler et al., 1997]. Most of the venusian volcanoes are larger than their 
terrestrial counterparts, with relatively low summits but extensive flow aprons [Crumpler et al., 1997]. The 
volcanoes have average heights of about 1.5 km and flow aprons that extend 100’s of kilometers from the 
summit. A decline in S0 2 over time observed by the Pioneer Venus spacecraft has been interpreted to 
possibly indicate a relatively recent eruption [Esposito, 1984; Glaze, 1999], and volcanism within the last 
10-50 my is supported by climate models [Bullock and Grinspoon, 2001]. Preliminary studies of the gravity 
signatures of 33 large volcanoes by Brian et al. [2004b] find that a number of volcanoes have bottom- 
loading signatures suggesting that they may be dynamically supported, and thus still active. Kiefer and 
Potter [2000] modeled the gravity anomalies for 8 large volcanoes, calculating elastic thickness values from 
8-22 km. Brian et al. [2004b] calculate a wide range in elastic lithospheric thickness, contrary to previous 
studies that suggested that venusian volcanoes form preferentially on thick lithosphere [McGovern and 
Solomon, 1998]. 

At Laufey Regio, volcanic material dominates the majority of the Laufey rise and is centred at three 
large volcanic edifices, Var, Tuli and Atanua Montes. Tuli Mons (13.3°N, 314.6°E) is a 300 km diameter 
volcano that lies 600 km north of the centre of the plateau. It has little relief, reaching a maximum height of 
only 0.6 km above the surrounding plains It is constructed of many small edifices which are well defined 
and display variable radar backscatters. Many display radar bright pits which are interpreted to be calderas. 
The extensive flow apron surrounding Tuli clearly overlies the surrounding plains and is composed of many 
individual flow units showing a wide range of radar backscatters, well defined margins and varying 
morphologies. Some of the longer lava flow lobes reach a maximum of 400 km from the centre of the 
volcano. Atanua Mons (9.5°N, 309°E) is located in the northern end of the plateau. Its flows, along with 
those from Var Mons, dominate the region, extending over 350 km from the summit. The apron of flows 
has been divided into eight units which may indicate distinct episodes of eruptions over the history of the 
volcano. The summit region is characterised by a steep sided cone that appears to have been built up by 
flows that extend radially around it. It is capped by a circular caldera almost 10 km across. The caldera 
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has a radar bright rim, which has been breached by a fan of lava flows on the northern side. The floor of 
the caldera is covered by radar dark material, and a 2.5 km arcuate area within the centre has collapsed. A 
second vent marked by two bright pits lies 130 km to the west of the main cone. Var Mons is a 1000km 
diameter volcano centred at 1.2°N 316°E. It consists of three main cones with maximum heights, west to 
east, of 1.5 km, 0.7 km and 1.7 km above its base. The middle edifice is offset to the north by 
approximately 30 km from a line connecting the other two. As observed at other volcanoes, the main 
edifices are made up of shorter more numerous flows while the outer apron consists of longer, more 
extensive flows [Guest and Stofan 1999; Stofan et al., 2001]. The three summits of Var display different 
styles of eruptive centres. At the western end, a 25 km diameter steep-sided dome sits at the summit of the 
cone. Low radar backscatter lava flows, with ill-defined flow fronts surround the dome, radiating out 
approximately 50 km from the centre. Chains of pits, associated with through going fractures that trend 
along the axis of the summits, are visible around the dome. The summit of the central cone consists of a 
partially filled 30 km diameter caldera. The eastern summit region reaches the highest altitude of the three 
cones. Lavas with a range of radar backscatter characteristics have been erupted radially from the centre of 
what may once have been a steep-sided volcanic dome. These lavas have flowed down and embayed a 
second steep-sided dome (22 km across) which lies 45 km to the north. This second dome has an 8 km 
wide central depression which is partially filled with radar dark lavas. The southern part of the rim has 
been breached by flows from the dome to the south. Small shields and pits are scattered over the summit 
and some are superposed on radial faults, which are likely to be the surface manifestation of dykes. A radar 
bright feature with scalloped sides that appears to have been highly eroded lies midway between the 
western and central centres. It does not show any associated lava flows and has been embayed by material 
from the western summit [Brian et al., 2004a], 

Numerous other small and intermediate sized (<50 km in diameter) edifices are also found on the 
rise and in the surrounding plains. The Laufey area is dominated by the flows of Var and Atanua Montes, 
which are superposed on the regional and mottled plains. There is no visible contact between flows from 
the two centres and therefore relative timing cannot be determined. Materials associated with Hulda 
Coronae at the north end of the Laufey rise overlap with flow units from Atanua, indicating the protracted 
and overlapping histories of each. Undivided corona materials in the centre of the rise are generally 
superposed on the regional plains but overlain by deposits from the two large volcanoes. The local set of 
wrinkle ridges that surround the rise deforms the outer flows of Var and Atanua along with the regional and 
mottled plains. This indicates they were formed after the initiation of centralised volcanism [Brian et al.. 
2004a], 


Detailed analysis of superposition relationships at Atai Mons area suggests the following general 
sequence of events: formation of original plains material; emplacement of sheet and digitate lava flows; 
uplift and associated radial fracturing at Atai Mons; gravitational relaxation of the topographic high causing 
a broad summit depression and exterior concentric fracturing; some lava flows from flank eruption sites; 
formation of extensional tectonic features associated with Pinga Chasma; volcanic flooding of the broad 
summit depression; further Pinga Chasma-related extension; localised summit collapse causing caldera-like 
interior concentric fracturing; continued summit volcanism giving rise to a small volcano and associated 
lava flows [Grindrod et al., 2004; 2005]. This history points to processes typical of both large volcanoes 
and coronae occurring contemporaneously, and does not necessarily seem to suggest evolution from one 
feature into another. Features typical of both coronae (radially-fractured annulus, concentric fractures, 
central depression and topographic rim) and large volcanoes (radial lava flow apron and summit calderas) 
on Venus are observed to occur at the same location. We observe tectonic and volcanic processes occurring 
simultaneously and repeatedly, indicating a complex history at this hybrid feature. This history includes 
three different periods and scale of collapse indicating possible resurgent activity. Differing lava flow 
morphologies indicate different eruption conditions both locally and/or temporally. More recent volcanism 
has been confined to the summit region, both in large and small volumes. We observe large volcano 
processes occurring in a region of relatively thick lithosphere, which may still be ongoing at present 
[Grindrod et al., 2004, 2005], Continued detailed mapping and gravity studies of other hybrid features at 
different geological settings is required to further understand the intimate relationship between coronae and 
large volcanoes on Venus. We plan to continue this analysis, analyzing other large volcanoes arid volcano- 
corona hybrids. 

Task 2b. Histories of intrusion and extrusion at large volcanoes on Venus: An investigation of summit 
diking 
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Participants: E.R. Stofan, P. Grindrod, F. Nimmo 

Radially fractured centers on Venus (sometimes termed ‘novae’) are distinctive radiating systems of 
graben and fractures arranged around some central topography. In this task, we used Magellan data to 
constrain some subsurface parameter at four radially fractured centers, Dhorani Corona, Lengdin Corona, 
Mbokomu Mons and Pavlova Corona. At each o f the features, the fractures radiate from a central volcano, 
some located within coronae. Radially fractures may have originated from uplift (e.g., Squyres et al., 1992) 
or from diking (e.g., Grosfils and Head, 1994). 

We determined the hoop strain at large radial graben by measuring the amount of extension that 
has occurred [Grindrod et al., 2005; Grindrod et al., in press, 2005b], We have measured the depths and 
wall dip angles of several large radial graben using two different methods. We find depths of < 0. 1 to > 1 
km, with most within the range of about 0.3 to 0.9 km. We found the dip angles of the graben walls to be 
about 36°, consistent with primary talus slopes from collapsed fault scarps. By assuming an original fault 
dip angle of 60° we determined the extension at individual graben to be of the order of 0.5 to 1 km for 
graben typically between 5 and 10 km wide. We used the extension to estimate the hoop strain, and found 
varying levels of strain at each feature, but strain levels are generally high and concentrated wi thin a narrow 
region. The observed strain is too large to be explained by previous plume models of uplift and also by 
magma chamber inflation. We therefore conclude that subsurface dikes must have made a significant 
contribution to the formation of the large radial graben at the RFCs, as well as being responsible for the 
numerous smaller fractures present. Our results suggest that measurement of strain at radial graben is a 
successful way to determine the relative amount of construction and uplift at radially-fractured centers 
[Grindrod et al., in press, 2005b]. 

Summary 

The research on coronae and large volcanoes described above has permitted us to better constrain the 
formation of these features [Brian et al., 2004; Grindrod et al., 2005a; Grindrod et al., 2005b; Martin et al., in 
prep.], contributing to our overall understanding of how volcanotectonic features evolve on the surfaces of 
terrestrial planets. In addition, we synthesized these data to propose an overall model of plume-related feature 
on Venus and how this compares to Earth [Stofan and Smrekar, 2005], We also integrated our understanding 
of the formation of these features to better constrain the geologic history of resurfacing on Venus [Stofan et 
al., 2005], providing new constraints on a controversial subject in Venus research. 

3. Manuscripts, Abstracts and Outreach 
Manuscripts 

Stofan, E.R. and S.E. Smrekar, Large topographic rises, coronae, large flow fields and large volcanoes on 
Venus: Evidence for mantle plumes 1 Proceedings of Mantle Plume IV Penrose Conf, GSA Special 
Paper 388, 2005. 

Stofan, E.R., A.W. Brian and J.E. Guest, Resurfacing Styles and Rates on Venus: Assessment of 18 
Venusian Quadrangles, Icarus 173, 312-321, 2005. 

Grindrod, P.M., F. Nimmo, E.R. Stofan, J.E. Guest, Strain as an indicator of multiple episodes of uplift 
and extrusion at radially-fractured centers on Venus, in press, J. Geophys. Res., 2005. 

Grindrod, P.M., E.R. Stofan, A.W. Brian, and J.E. Guesf The Geological Evolution of Atai Mons, Venus: 

A Volcano/Corona ‘Hybrid’, in press, Geol. Soc. London, 2005. 

Elachi, C., S. Wall, M. Allison, Y. Anderson, R. Boehmer, P. Callahan, P. Encrenez, E. Flamini, G. 
Franceschetti, Y. Gim, G. Hamilton, S. Hensley, M. Janssen, W. Johnson, K. Kelleher, R. Kirk, R. 

Lopes, R. Lorenz, J. Lunine, D. Muhleman, S. Ostro, F. Paganelli, G. Picardi, F. Posa, L. Roth, R. Seu, 

S. Shaffer, L. Soderblom, B. Stiles, E. Stofan, S.Vetrella, R. West, C. Wood, L. Wye, and H. Zebker, 
Cassini Radar views the surface of Titan, Science 308, 970-974, 2005. 

Glaze, L.S., S.W. Anderson, E.R. Stofan, S. Baloga and S.E. Smrekar, Statistical distribution of inflation 
features on lava flows: Analysis of flow surfaces on Earth and Mars, in press, J. Geophys. Res., 2005. 
Guest, J.E. and E.R. Stofan, Development of ephemeral boccas at Mt. Etna, Sicily, J. Vole. Geoth. Res, 

2005. 

Brian, A.W., J.E. Guest and E.R. Stofan, 2005, Geological Map of the Taussig Quadrangle (V39), Venus, 
in press, USGS Geol. Inv. Ser.. 
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Stofan, E.R., Earth’s Evil Twin: The volcanic world of Venus, in Volcanic Worlds: Exploring the Solar 
System 's Volcanoes, R.M.C. Lopes and T.K.P. Gregg, eds., 61-79, 2004. 

Brian, A.W., E.R. Stofan, J.W. Guest and S.E. Smrekar, Laufey Regio: A Newly Discovered Topographic 
Rise On Venus, J. Geophys. Res., 109, doi:10.1029/2002JE002010, 2004. 

Duncan, A.M., J.E. Guest, E.R. Stofan, S.W. Anderson, H. Pinkerton and S. Calvari, Development of 
tumuli in the medial portion of the 1983 aa flow field, Mount Etna, Sicily, J. Vole. Geoth. Res., 132, 
173-187, 2004. 

Plaut, J.J., S.W. Anderson, D.A. Crown, E.R. Stofan and JJ. van Zyl, The unique radar properties of silicic 
lava domes, J. Geophys. Res. 109, doi 10. 1 029/2002 JE0020 17, 2004. 

Martin, P. and E.R. Stofan, Planet in a Bottle, Physics Education, 39, 228-232, 2004. 

Stofan, E.R. and J.E. Guest, Geologic Map of the V46 Quadrangle, Venus, USGS Geologic Investigations 
Series Map 1-2779 2003. 

Smrekar, S.E. and E.R. Stofan, Effects of lithospheric properties on the formation of Type 2 coronae on 
Venus, J. Geophys. Res., 108, doi:10.1029/2002JE001930, 2003. 

Glaze, L.S., S. M. Baloga and E.R. Stofan, A methodology for constraining lava flow rheologies with 
MOLA, Icarus, 165, 26-33, 2003. 

Glaze, L.S., E.R. Stofan, S.E. Smrekar and S.M. Baloga, Insights into corona formation through statistical 
analyses, J. Geophys. Res., 107, doi:10.1029/2002JE0011904, 2002. 

Manuscripts in Preparation 

Stofan, E.R., S.E. Smrekar and L.S. Glaze, Statistical analysis of corona topography: New insights into 
corona formation, manuscript in prep., 2005. 

Martin, P.M, E.R. Stofan, L.S. Glaze and S.E, Smrekar, Coronae of Parga Chasma, Venus, to fee submitted, 
Icarus, Oct., 2005. 

Brian, A.W., E.R. Stofan, J.E. Guest and S.E. Smrekar, Growth of volcanoes on Venus: Analysis of the 
morphology and gravity of large volcanoes on Venus, in prep., 2005. 

Selected Abstracts 

2003 

E. R. Stofan, L.S. Glaze, S. E. Smrekar and S.M. Baloga, A Statistical Analysis of Corona Topography: 

New Insights into Corona Formation and Evolution, LPSC XXXIV, 2003. 

L. S. Glaze, S. M. Baloga, E. R. Stofan, P. J. Mouginis-Mark, K. M. Shockey and S.McColley, Rheology 
comparisons for several martian and terrestrial lava flows, LPSC XXXIV, 2003. 

S. W. Anderson, L. Glaze, E. Stofan, and S. Baloga, The Spatial Distribution of Lava Flow Surface 
Features on Earth and Mars, LPSC XXXIV, 2003. 

A.W. Brian, E. R. Stofan and J. E. Guest, The summit, tectonic and flank characteristics of large Venusian 
volcanoes: A new global survey. LPSC XXXIV, 2003. 

2004 

E.R. Stofan, A.W. Brian and J. E. Guest, Resurfacing Styles and Rates on Venus: Assessment of 18 
Venusian Quadrangles., LPSC 2004 

P. M. Grindrod, E. R. Stofan, A. W. Brian and J. E. Guest, The evolution of four volcano/corona ‘hybrids’ 
on Venus. LPSC XXXV, 2004. 

P. Martin and E.R. Stofan, Coronae of Parga Chasma, Venus, LPSC XXXV, 2004. 

Brian, A.W., S.E. Smrekar and E.R. Stofan, An Admittance survey of large volcanoes on Venus: 
Implications for volcano growth, LPSC XXXV, 2004. 

2005 

P. M. Grindrod, F. Nimmo, E. R. Stofan, and J. E. Guest. Strain as an Indicator of Multiple Episodes of 
Uplift and Extrusion at Radially-fractured Centers on Venus, LPSC XXXVI, 2005. 

P. Martin, E. R. Stofan, and L. S. Glaze, Analysis of Coronae in the Parga Chasma 
Region, Venus, LPSC XXXVI, 2005. 

S. E. Smrekar, E. R. Stofan, W. R. Buck, and P. Martin, Parga Chasma: Coronae and 
Rifting on Venus, LPSC XXXVI, 2005. 


9 


References 

Barnett, D.N., F. Nimmo, and D. McKenzie, 2000, Flexure of Venusian lithosphere measured from residual 
topography and gravity, Icarus, 16, 404-419. 

Barnett, D.N., F. Nimmo, and D. McKenzie, 2002, Flexure of Venusian lithosphere measured from residual 
topography and gravity, J. Geophys. Res., 107, art. No 5007. 

Basilevsky, A.T., A.A. Pronin, L.B. Ronca, V.P. Kryuchkov, A.L. Sukhanov, and M.S. Markov, 1986, Styles of 
tectonic deformation on Venus: Analysis of Veneras 15 and 16 data: J. Geophys. Res. 91, 399-411. 

Basilevsky, A.T., J.W. Head, G.G. Schaber, G.G. and R.G. Strom, 1997, The resurfacing history of Venus: 

In Venus II, eds. Brougher, S.W., Hunten, D.M. & Phillips, R.J. University of Arizona Press, Tucson, 
1047-1085. 

Bilotti, F., and J. Suppe, 1999, The global distribution of wrinkle ridges on Venus, Icarus, 139, 137-157. 

Brian, A.W., J.E. Guest and E.R. Stofan, 2003, Geological Map of the Taussig Quadrangle (V39), Venus, in 
press, USGS Geol. Inv. Ser.. 

Brian, A. W., E.R. Stofan, J.E. Guest, and S.E. Smrekar, 2004a, Laufey Regio: A newly discovered 
topographic rise on Venus: in review, J. Geophys. Res. 

Brian, A. W., S.E. Smrekar and E.R. Stofan, J.E. Guest, and S.E. Smrekar, 2004b, An admittance survey of 
large volcanoes on Venus: Implications for volcano growth (abstr.), Lunar Planet. Sci XXXV. 

Buck, W.R, 1992, Global decoupling of crust and mantle: implications for topography, geoid and mantle 
viscosity on Venus, Geophys. Res. Lett, 19, 2111-211 14. 

Bullock, M.A. and D. Grinspoon, 2001, The recent evolution of climate on Venus: Icarus 150, 19,037- 
19,048. 

Burke, K.C. and J.T. Wilson, 1976, Hot spots on die earth’s surface: Sci. Am. 235, 46-57. 

Campbell, B.A. and P.G. Rogers, 1994, Bell Regio, Venus: Integration of remote sensing data and terrestrial 
analogs for geologic analysis: J. Geophys. Res. 99, 21,153-21,171. 

Campbell, B.A., 1999, Surface formation rates and inpact crater densities on Venus: J. Geophys. Res., 104, 
21,951-21,955. 

Campbell, D.B., J.W. Head, J.K. Harmon, and A.A. Hine, 1984, Venus volcanism and rift formation in Beta 
Regio: Science, 226, 167-170. 

Copp, D.L., J.E. Guest, and E.R. Stofan, 1998, Stratigraphy of six coronae on Venus: Implications for 
timing and sequence of corona formation: J. Geophys. Res. 103, 19,410-19,418. 

Courtillot, V., Davaille, A., Besse, J. and Stock, J., 2003, Three distinct types of hotspots in the Earth’s 
mantle: Earth Planet. Sci. Lett. 205, 295-308. 

Crumpler, L. S., J. C. Aubele, D. A. Senske, S. T. Keddie, K. P. Magee and J. W. Head, 1997,Volcanoes 
and centers of volcanism on Venus, In Venus II, Edited By S. W. Bougher, D. M. Hunten, and R. J. 

Phillips, Univ. of Ariz. Press, Tucson. 

Cyr, K.E. and H.J. Melosh, 1993, Tectonic patterns and regional stresses near Venusian coronae: Icarus, 

102, 175-184. 

DePaolo, D.J. and M. Manga, 2003, Deep origin of hotspots- the mantle plume model; Science 300, 920- 
921. 

Esposito, L.W., 1984, Sulfur dioxide: Episodic injection shows evidence for active Venus volcanism: 
Science 223, 1072-1074. 

Ford, P.G. and Pettengill, G.H., Venus topography and kilometer-scale slopes: J. Geophys. Res. 97, 13,103- 
13,114. 

Glaze, L.S., 1999, Transport of S0 2 by explosive volcanism on Venus: J. Geophys. Res., 104, 18,899- 
18,906. 

Glaze, L.S., E.R. Stofan, S.E. Smrekar, S.M. Baloga, 2002, Insights into corona formation through 
statistical analyses: J. Geophys. Res., 107 (E12), doi:10.1029/2002JE001904. 

Gonnermann, H.M., M. Manga, and A.M. Jellinek, 2002, Dynamics and longevity of an initially stratified 
mantle, Geophys. Res. Lett., 29, doi: 10.1029/2002GL014851. 

Grimm, R.E, and R.J. Phillips, 1992, Anatomy of a Venusian hot spot: geology, gravity, and mantle 
dynamics of Eistla Regio, J. Geophys. Res., 97, 16,035-16,054. 


8 


Public Outreach 

In addition to talks and poster presentation at scientific conferences such as the American 
Geophysical Union meetings and the Lunar and Planetary Science Conference, publication in popular 
books and journals and media work, I participated in various educational activities. I have lectured to 
primary school children on both space science, studying the Earth from space, and terrestrial volcanoes. I 
worked with undergraduate and graduate students at several institutions, including students at University 
College London and at Black Hills State University, SD. I have mentored local high school student senior 
research projects. Paula Martin and I also published an article (Martin, P. and E.R. Stofan, Planet in a 
Bottle, Physics Education, 39, 228-232, 2004), updating and adapting an astrobiology lesson for late 
elementary/early middle school children that we have extensively tested at various schools. 


10 


Grimm, R.E., and P.C. Hess, 1997, The crust of Venus, In Venus II, Edited By S. W. Bougher, D. M. 

Hunten, and R. J. Phillips, Univ. ofAriz. Press, Tucson. 

Grindrod, P.M., E.R. Stofan, A.W. Brian, and J.E. Guesf The Geological Evolution of Atai Mons, Venus: 

A Volcano/Corona ‘Hybrid’, in press, Geol. Soc. London, 2005a. 

Grindrod, P.M., F. Nimmo, E.R. Stofan, J.E. Guest, Strain as an indicator of multiple episodes of uplift 
and extrusion at radially-fractured centers on Venus, in press, J. Geophys. Res., 2005b. 

Guest, J.E. and E.R. Stofan, 1999, A new view of the stratigraphic history of Venus: Icarus 139, 55-66. 

Hamilton, V. E. and E.R. Stofan, 1996, The geomorphology and evolution of Hecate Chasma, Venus: Icarus 
121, 171-194. 

Hansen, V.L. and R.J. Phillips, 1993, Tectonics and volcanism of eastern Aphrodite Terra, Venus: No 
subduction, no spreading: Science 260, 526-530. 

Hansen, V.L. and DeShon, H.R., 2002, Geologic map of the Diana Chasma Quadrangle (V37), Venus: 
USGS Geol. Inv. Ser. 1-2752. 

Hansen, V.L., 2003, Venus diapirs: Thermal or compositional?: GSA Bull. 115, 1040-1052. 

Hauck, S.A., R.J. Phillips and MH. Price, 1998, Venus: Crater distribution and plains resurfacing models: J. 
Geophys. Res. 103, 13,635-13,642. 

Head, J.W., L.S. Crumpler, J.C. Aubele, J.E. Guest, and R.S. Saunders, 1992, Venus Volcanism: 
Classification of Volcanic Features and Structures, Associations, and Global Distribution from Magellan 

r\.^. r n 1 — - t\ — ah to ico to inn 

lyaia. j. \jcOpuyS. xvca. y /, 

Herrick, R.R. and P.J. McGovern, 2000, Kunhild and Ereshkigal, an extinct hot-spot region on Venus: 
Geophys. Res. Lett., 27, 839-842. 

Hoogenboom, T., Smrekar, S.E., Anderson, F.S., and G. Houseman, 2004, Admittance survey of Type 1 
Coronae on Venus: in press, J. Geophys. Res. Planets. 

Janes, D.M, S.W. Squyres, D.L. Bindschadler, G. Baer, G. Schubert, V.L. Sharpton and E.R. Stofan, 1992, 
Geophysical models for the formation and evolution of coronae on Venus: J. Geophys. Res., 97, 
16,055-16,067. 

Janes, D.M. and S.W. Squyres, 1995, Viscoelastic relaxation of topographic highs on Venus to produce 
coronae: J. Geophys. Res., 100, 21,173-21,187. 

Jellinek, A.M., A. Lenardic, and M. Manga, 2002, The influence of interior mantle temperature on the 
structure of plumes: Heads for Venus, Tails for the Earth: Geophys. Res. Lett., 29, doi: 

1 029/200 1 GL0 1 4624. 

Jellinek, A.M., H.M. Gonnermann, and M.A. Richards, 2003, Plume capture by divergent plate motions: 
Implications for the distribution of hotspots, geochemistry of mid-ocean ridge basalts and estimates of 
heat flux at the core-mantle boundary: Earth Planet. Sci. Lett. 205, 361-378. 

Johnson, C.L. and M.A. Richards, 2003, A conceptual model for the relationship between coronae and 
large-scale mantle dynamics on Venus: J. Geophys. Res, 108(E6), 5058, doi:10.1029/2002JE001962. 

Jurdy, D.M. and M. Stefanick, 1999, Correlation of Venus surface features and geoid: Icarus 139, 93-99. 

Kaula, W.M., 1999, Constraints on Venus evolution from radiogenic argon, Icarus, 139, 32-39. 

Kiefer, W. S. and Hager, B. H. 1991, A mantle plume model for the equatorial highlands of Venus: J. 
Geophys. Res. 96:20,947-20966. 

Kiefer, W. S. and Hager, B. H., 1992, Geoid anomalies and dynamic topography from convection in 
cylindrical geometry: applications to mantle plumes on Earth and Venus: Geophys. J. Int. 108:198-214. 

Kiefer, W.S. and Potter, E-K., 2000, Gravity anomalies at Venus shield volcanoes: Implications for 
lithospheric thickness (abstr.): Lunar Planet. Sci. XXXI, 1924. 

Koch, D.M., 1994, A spreading drop model for plumes on Venus: J. Geophys. Res., 99, 2035-2052. 

Koch, D.M. and M. Magna, 1996, Neutrally buoyant diapirs: A model for Venus coronae: Geophys. Res. 
Lett., 23, 22-228. 

Lancaster, M.G., J.E. Guest and K.P. Magee, 1995, Great lava flow fields on Venus: Icarus 118, 69-86. 

Magee, K.P. and J.W. Head, 1995, The role of rifting in the generation of melt: Implications for the origin 
and evolution of the Lada Terra-Lavinia Planitia region of Venus: J. Geophys. Res. 100, 1527-1552. 

Martin, P. and E.R. Stofan, 2004, Coronae of Parga Chasma, Venus (abstr.), Lunar Planet. Sci. XXXV 

Masursky, H., E. Eliason, P.G. Ford, G.E. McGill, G.H. Pettengill, G.G. Schaber and G. Schubert, 1980, 
Pioneer Venus radar results: Geology from images and altimetry: J. Geophys. Res. 85, 8232-8260. 

Masursky, H., 1987, Geological evolution of coronae on Venus (abstr.): Lunar Planet. Sci. XVIII, 598-599. 


11 


McGill, G.E., S.J. Steenstrup, C. Barton, and P.G. Ford, 1981, Continental rifting and the origin of Beta Regio: 
Geophys. Res. Lett., 8, 737-740. 

McGill, G.E., 1993, Wrinkle ridges, stress domains, and kinematics of venusian plains: Geophys. Res. Lett. 
20, 2407-2410. 

McGill, G., 1994, Hotspot evolution and Venusian tectonic style: J. Geophys. Res. 99, 23,149-23,161. 

McGill, G., 1998, Central Eistla Regio: Origin and relative age of topographic rise: J. Geophys. Res. 103, 
5889-5896. 

McGovern, P.J. and S.C. Solomon, 1997, Filling of flexural moats around large volcanoes on Venus: 
Implications for volcanic stratigraphy and global magmatic flux: J. Geophys. Res. 102, 16,303-16,318. 

McGovern, P.J. and S.C. Solomon, 1998, Growth of large volcanoes on Venus: Mechanical models and 
implications for structural evolution: J. Geophys. Res. 103, 1 1,071-1 1,102. 

McKenzie D., P.G. Ford, C. Johnson, B. Parsons, G.H. Pettengill, D. Sandwell, R.S. Saunders and S.C. 
Solomon, 1992, Features on Venus generated by plate boundary processes: J. Geophys. Res., 97, 13,533- 
13,544. 

McKenzie, D., and F. Nimmo, 1997, Elastic thickness estimates for Venus from line of sight accelerations, 
Icarus, 130, 198-216. 

McKinnon, W.B., K.J. Zahnle, B.A. Ivanov and H.J. Melosh, 1997, Cratering on Venus: Models and 
observations: in Venus II, eds. Brougher, S.W., Hunten D.M. and Phillips, R.J. University of Arizona 
Press, Tucson, 969-1014. 

Montelli, R., G. Nolet, F.A. Dahlen, G. Masters, E.R. Engdahl and S-H. Hung, 2003, Finite-frequency 
tomography reveals a variety of plumes in the mantle, www.sciencexpress.org, 10.1126, 
science. 1092485. 

Moore, W.B., and G. Schubert, 1995, Lithospheric thickness and mantle lithospheric density contrast 
beneath Beta Regio, Venus, Geophys. Res. Lett., 22, 429-432. 

Moore, W.B., and G. Schubert, 1997, Venusian crustal and lithospheric properties from nonlinear 
regressions of highland geoid and topography, Icarus, 128, 415-428. 

Moresi, L. and V. Solomatov, 1998, Mantle convection with a brittle lithosphere: Thoughts on the global 
tectonic styles of the Earth and Venus: Geophys. J. Int., 133, 669-682. 

Morgan, W.J., 1971, Convection plumes in the lower mantle: Nature 230, 42-43. 

Morgan, P. and R.J. Phillips, 1983, Hot spot heat transfer: Its application to Venus and implications to 
Venus and Earth: J. Geophys. Res., 88, 8305-8317. 

Musser, G.S., Jr. and S.W. Squyres, 1997, A coupled thermal-mechanical model for corona formation on 
Venus: J. Geophys. Res., 102, 6581-6595. 

Namiki, N. and S.C. Solomon, 1993, The gabbro eclogite phase-transition and the elevation of mountain 
belts on Venus, J. Geophys. Res. Planet. 98, 15025-15031. 

Namiki, N. and S.C. Solomon, 1994, Impact crater densities on volcanoes and coronae on Venus: 
Implications for volcanic resurfacing: Science 265, 929-933. 

Nimmo, F. and D. McKenzie, 1996, Modeling plume-related uplift, gravity, and melting on Venus: Earth 
Planet. Sci. Lett., 145, 109-123. 

Nunes, D.C., R.J. Phillips, C.D. Brown, and A.J. Dombard, 2004, Relaxation of compensated topography 
and the evolution of crustal plateaus on Venus: J. Geophys. Res., 109, El, doi: 10.1029/2003 JE0021 19. 

Parmentier, E.M. and P.C. Hess, 1992, Chemical differentiation of a convecting planetary interior: 
consequences for a one-plate planet, Geophys. Res. Lett., 19, 2015-2018. 

Phillips, R.J. and M.C. Malin, 1983, The interior of Venus and tectonic implications: in Venus, eds. D.M. 
Hunten, L. Colin, T.M. Donahue and V.I. Moroz, Univ. Arizona Press, Tucson, 159-214. 

Phillips, R.J., Grimm, R.E. and Malin, M.C., 1991, Hot-spot evolution and the global tectonics of Venus: 
Science 252, 651-658. 

Phillips, R.J., R.F. Raubertas, R.E. Arvidson, I.C. Sarkar, R.R. Herrick, N. Izenberg, and R.E. Grimm, 
1992, Impact craters and Venus resurfacing history, J. Geophys. Res. Planets, 97, 15923. 

Phillips, R.J., 1994, Estimating lithospheric properties at Atla Regio, Venus, Icarus, 112, 147-170. 

Phillips, R.J. and V.L. Hansen, 1994, Tectonic and magmatic evolution of Venus, Ann. Rev. Planet. Sci., 
22, 597-654. 

Phillips, R.J. and V.L. Hansen, 1998, Geological evolution of Venus: Rises, plains, plumes and plateaus: 
Science 279, 1492-1497. 


12 


Price, M.H., G. Watson, J. Suppe and C. Brankman, 1996, Dating volcanism and rifting on Venus using 
impact crater densities: J. Geophys. Res. 101, 4657-4672. 

Pronin, A.A., and E.R. Stofan, 1990, Coronae on Venus: Morphology and distribution: Icarus, 87, 452-474. 

Rathbun, J.A., D.M. Janes and S.W. Squyres, 2000, Formation of Beta Regio, Venus: Results from 
measuring strain: J. Geophys. Res., 104, 1917-1928. 

Reese, C.C., V.S. Solomatov, and L.N. Moresi, 1999, Non-Newtonian stagnant lid convection and magmatic 
resurfacing on Venus: Icarus, 139, 67-80. 

Richards, M.A., and R.W. Griffiths, 1988, Deflection of plumes by mantle shear flow: experimental results 
and a simple theory, Nature, 327, 409-413. 

Richards, M.A., W.S. Yang, J.R. Baumgardner, and H.P. Bunge, 2001, Role of a low-viscosity zone in 
stabilizing plate tectonics: Implications for comparative terrestrial planetology: Geochem. Geophys. 
Geosyst. 2: art no. 2000C000115. 

Roberts, K.M., and J.W. Head, 1993, Large-scale volcanism associated with coronae on Venus: 

Implications for formation and evolution: Geophys. Res. Lett, 20, 1111-1114. 

Saunders, R.S., R. Arvidson, J.W. Head, G. Schaber, S. Solomon and E. Stofan, 1991, Magellan: A first 
overview of Venus geology: Science, 252, 249-252. 

Saunders, R. S. and 26 others, 1992, Magellan mission summary: J. Geophys. Res. 97, 13, 067-13, 090. 

Schaber, G.G., R.G. Strom, H.J. Moore, L.A. Soderblom, R.L. Kirk, D.J. Chadwick, D.D. Dawson, L.R. 
Gaddis, J.M. Boyce and J. Russell, 1992, Geology and distribution of impact craters on Venus: What are 
they telling us?: J. Geophys. Res. 97, 13,257-13,302. 

Schubert, G., W.B. Moore, and S.T. Sandwell, 1994, Gravity over coronae and chasmata on Venus: Icarus, 
112, 130-146. 

Schubert G. and D.T. Sandwell, 1995, A global survey of possible subduction sites on Venus: Icarus, 117, 
173-196. 

Senske, D.A., G.G. Schaber and E.R. Stofan, 1992, Regional Topographic rises on Venus: Geology of 
western Eistla Regio and comparisons to Beta Regio and Atla Regio: J. Geophys. Res. 97, 13,395- 
13,420. 

Simons, M., Hager, B. H., and Solomon, S. C. 1994. Global variations in the geoid/topography admittance 
of Venus. Science, 264:798-803. 

Simons, M., Solomon, S.C., and Hager, B.H., 1997. Localization of gravity and topography constraints on 
the tectonics and mantle dynamics of Venus, Geophys. J. Int. 131, 24-44. 

Smrekar, S. and R.J. Phillips, 1991, Venusian highlands: Geoid to topography ratios and their implications: 
Earth Planet. Sci. Lett., 107, 582-597. 

Smrekar, S.E. and S.C. Solomon, Gravitational spreading of high terrain in Ishtar Terra, Venus: J. Geophys. 
Res., 97, 16,121-16,148, 1992. 

Smrekar, S.E., 1994, Evidence for active hotspots on Venus from analysis of Magellan gravity data: Icarus, 
112, 2-26. 

Smrekar, S.E. and E.M. Parmentier, 1996, Interactions of mantle plumes with thermal and chemical 
boundary layers: Application to hotspots on Venus: J. Geophys. Res., 101, 5397-5410. 

Smrekar, S.E. and E.R. Stofan, 1997, Coupled upwelling and delamination: A new mechanism for coronae 

qr»/1 Viaqt Inop am lr • C/iiaMAa *7 *7*7 1 TOO 1 n Q A 

iviiUauuii tutu tivui luoo uu » wuuo. uwiviiw, 

Smrekar, S.E., E.R. Stofan, W.S. Kiefer, 1997, Large volcanic rises on Venus: in Venus II, eds. S.W. 
Brougher, D.M. Hunten, and R.J. Phillips, Univ. of Arizona Press, Tucson, pp. 845-878. 

Smrekar, S.E. and E.R. Stofan, 1999, Evidence for Delamination at Corona-dominated Topographic rises 
on Venus: Icarus 139, 100-115. 

Smrekar, S.E., R. L. Comstock, and F.S. Anderson, 2003, A gravity survey of Type 2 coronae on Venus: J. 
Geophys. Res. Planety, 108, (E8), doi: 10.1029/2002JE001935. 

Smrekar, S.E. and E.R. Stofan, 2003, Effects of lithospheric properties on the formation of Type 2 Corona 
on Venus: J. Geophys. Res. Planets', 108, (E8), doi: 10.1029/2002JE001930. 

Solomatov, V.S. and L.N. Moresi, Scaling of time-dependent stagnant lid convection: Application to small- 
scale convection on Earth and other terrestrial planets: J. Geophys. Res., 105, 21,795-21,817, 2000. 

Solomon, S.C. and J.W. Head, 1982, Mechanisms of lithospheric heat transport on Venus: Implications for 
tectonic style and volcanism: J. Geophys. Res., 87, 9236-9246. 


13 


Solomon, S.C., J.W. Head, W.M. Kaula, D. McKenzie, B. Parsons, R.J. Phillips, G. Schubert and M. 

Talwani, 1991, Venus tectonics: Initial analysis from Magellan: Science 252, 297-311. 

Solomon, S.C., S.E. Smrekar, D.L. Bindschadler, R.E. Grimm, W.M. Kaula, G.E. McGill, R.J. Phillips, 

R.S. Saunders, G. Schubert, S.W. Squyres, and E.R. Stofan, 1992, Venus tectonics: An overview of 
Magellan observations: J. Geophys. Res., 97, 13,199-13,256. 

Squyres, S.W., Janes, D.M., Baer, G., Bindschadler, D.L., Schubert, G., Sharpton, V.L., and Stofan, E.R., 

1992, The Morphology and Evolution of Coronae on Venus: J. Geophys. Res. 97, 1361 1-13634. 

Squyres, S.W., D.M. Janes, G. Schubert, D.L. Bindschadler, J.E. Moersch, D.L. Turcotte and Stofan, E.R., 

1993, The spatial distribution of coronae and related features on Venus: Geophys. Res. Lett. 20, 2965- 
2968. 

Stofan, E.R., D.L. Bindschadler, J.W. Head, and E.M. Parmentier, 1991, Corona structures on Venus: 
Models of origin: J. Geophys. Res., 96, 20933-20,946. 

Stofan, E.R. Stofan, E.R., V.L. Sharpton, G. Schubert, G. Baer, D.L. Bindschadler, D.M. Janes, and S.W. 
Squyres, 1992, Global distribution and characteristics of coronae and related features on Venus: 
Implications for the origin and relation to mantle processes: J. Geophys. Res. 97, 13,347-13,378. 

Stofan, E.R., S.E. Smrekar, D.L. Bindschadler, and D. Senske, 1995, Large topographic rises on Venus: 
Implications for mantle upwellings: J. Geophys. Res., 23, 317-23,327. 

Stofan, E.R., D.L. Bindschadler, V.E. Hamilton, D.M. Janes, and S.E. Smrekar, 1997, Coronae on Venus: 
Morphology and origin: in Venus II, eus. S.W. Broug'ner, D.M. Hunten, and R.J. Phillips, Univ. of 
Arizona Press, Tucson, pp. 931-965. 

Stofan, E.R., S.E. Smrekar, S.W. Tapper, J.E. Guest, and P.M. Grindrod, 2001a, Preliminary analysis of an 
expanded corona database for Venus: Geophys. Res. Lett , 28, 4267-4270. 

Stofan, E.R., J.E. Guest and D.L. Copp, 2001b, Development of large volcanoes on Venus: Constraints 
from Sif, Gula and Kunapipi Montes: Icarus, 152, 75-95. 

Stofan, E.R. and J.E. Guest, 2003, Geologic Map of the V46 Quadrangle, Venus, USGS Geologic 
Investigations Series Map 1-2779. 

E. R. Stofan, L.S. Glaze, S. E. Smrekar and S.M. Baloga, A Statistical Analysis of Corona Topography: 

New Insights into Corona Formation and Evolution, LPSC XXXIV, 2003. 

Stofan, E.R. and S.E. Smrekar, Large topographic rises, coronae, large flow fields and large volcanoes on 
Venus: Evidence for mantle plumes! Proceedings of Mantle Plume IV Penrose Conf, GSA Special 
Paper 388, 2005. 

Stofan, E.R., A.W. Brian and J.E. Guest, Resurfacing Styles and Rates on Venus: Assessment of 18 
Venusian Quadrangles, Icarus 173, 312-321, 2005. 

Stofan, E.R., S.E. Smrekar and L.S. Glaze, Statistical analysis of corona topography: New insights into 
corona formation, manuscript in prep., 2005. 

Strom, R.G., G.G. Schaber and D.D. Dawson, 1994, The global resurfacing of Venus: J. Geophys. Res. 99, 
10,899-10,926. 

Tackley, P.J. and D.J. Stevenson, 1991, The production of small venusian coronae by Rayleigh-Taylor 
instabilities in the uppermost mantle (abstr.): Eos Trans. AGU, 72, 287. 

Tackley, P.J. and D.J. Stevenson, 1993, A mechanism for spontaneous self-perpetuating volcanism on the 
terrestrial planets: in Flow and Creep in the Solar System: Observations, Modeling and Theory, edited 
by D.B. Stone, and S.K. Runcorn, pp. 307-322, Kluwer. 



REPORT DOCUMENTATION PAGE 


Form Approved 
OMB No. 0704-0188 


Public reporting burden for this collection of information is estimated to average 1 hogr per response, including the time for reviewing instructions, searching existing data sources, gathering 
and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, 
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1 204, Arlington, 
VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 


1. AGENCY USE ONLY (Leave blank) 


2. REPORT DATE 
September 27, 2005 


3. REPORT TYPE AND DATES COVERED 

1/1/02 thru 12/31/05 FINAL REPORT 


4, TITLE AND SUBTITLE Studies of coronae and large volcanoes on Venus: constraining 
the diverse outcomes of small-scale mantle upwellings on Venus 


6. AUTHORS Dr. Ellen R. Stofan 


5. FUNDING NUMBERS 


NAG-11535 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Proxemy Research 
20528 Farcroft Lane 
Laytonsville, MD 20882 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 


Closeout Report 


9. SPONSORiNG/MGNiTORING AGENCY NAME(S) AND ADDRESSES) 

NASA 
Code SE 

Washington, DC 20546 


10. SPONSORING/MONITORING AGENC Y 
REPORT NUMBER 


11. SUPPLEMENTARY NOTES 


12a. DISTRIBUTION/AVAILABILITY STATEMENT 


12b. DISTRIBUTION CODE 


1 3. ABSTRACT (Maximum 200 words) 


See attached report 


14. SUBJECT TERMS 



15. NUMBER OF 
PAGES 




16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

20. LIMITATION OF ABSTRACT 

Unclassified 

Unclassified 

Unclassified 

SAR 


NSN 7540-01-280-5500 Computer Generated STANDARD FORM 298 (Rev 2-89) 

Prescribed by ANSI Std 239-18 
298-102 


























